Background: Infections with Strongyloides stercoralis and other helminths represent important, yet often neglected issues in developing countries. Indeed, strongyloidiasis can be fatal, but only a few studies provide information regarding its health relevance in Africa. Moreover, clinical data on symptomatology and typical recognition patterns mainly originate from Western travel clinics.
Introduction
Infections with the nematodes Strongyloides stercoralis and hookworm (Ancylostoma duodenale and Necator americanus) are widespread in tropical and subtropical areas, accounting for a remarkable, yet underappreciated burden [1] . For example, hookworm infection is a leading cause of anemia [2] , whereas S. stercoralis is able to maintain itself for decades within its host and may cause a lethal hyperinfection syndrome among immunosuppressed patients [3, 4] . Both infections belong to the heterogeneous group of the neglected tropical diseases (NTDs), which are notoriously under-researched and control efforts not adequately funded. Lately, more attention has been addressed to the NTDs [5, 6] , which is justified by their cumulative global burden (.50 million disability-adjusted life years (DALYs) lost annually) [7] . The 'true' burden of the NTDs might even be higher [8] , but considerable uncertainty remains. For example, estimates regarding the global burden due to hookworm infection range between 60,000 DALYs and 22.1 million DALYs, whereas no burden estimates are available for strongyloidiasis [9] . The lack of accurate diagnostic tools is an important consideration, which explains the often unsatisfactory epidemiological mapping of NTDs [10, 11] . With regard to strongyloidiasis, most information regarding signs, symptoms, and recognition patterns originate from examinations of returning travelers in Western travel clinics [12] , and refugee populations in the North [13] .
Surprisingly, biomedical research in endemic settings has mainly focused on chronic effects (e.g., stunting and nutritional deficiencies) of helminth infections, while little is known on acute impairment, despite the fact that clinical manifestations may profoundly differ between travelers and individuals from endemic areas. This has been shown for S. stercoralis [14] , which may cause a severe and fatal hyperinfection syndrome, particularly in patients with HTLV-1 infection, on steroid medication and other immunosuppressive drugs, such as organ transplant recipients. While a higher suspicion index of strongyloidiasis is likely to improve early diagnosis and adequate treatment, epidemiological data are scarce in tropical countries [15] . It is currently estimated that between 30 and 100 million people are infected with S. stercoralis [1] , but little is known about arising consequences in endemic areas. What symptoms does a S. stercoralis infection cause in tropical settings? When should a clinician suspect strongyloidiasis? Are individuals affected by hookworm or S. stercoralis prone to co-infections and co-morbidities? Answers to these questions will deepen our understanding of the true impact of nematode infections and result in improved patient management.
Here, we show a multi-pronged approach to elucidate clinical features of S. stercoralis and hookworm infections in a co-endemic area of Côte d'Ivoire. Our assessment is based on a cross-sectional epidemiological survey and in-depth laboratory investigations, complemented by a morbidity-centered questionnaire survey and standardized clinical examination.
Methods

Ethics Statement
The study protocol was approved by the institutional research commissions of the Swiss Tropical and Public Health Institute Political and health authorities were informed about the purpose and procedures of the study. Participants were informed about their involvement, including possible concerns and the right to withdraw at any moment without further obligations. Adult participants and the parents/legal guardians of participating children (aged,16 years) signed a written informed consent. At the end of the study, all individuals were invited to learn about their parasitological results and free treatment was offered to participants infected with helminths (i.e., single 400 mg dose of albendazole against hookworm and other soil-transmitted helminths, single 200 mg/kg dose of ivermectin against S. stercoralis, and single 40 mg/kg dose of praziquantel against Schistosoma haematobium and Schistosoma mansoni). Due to the high observed prevalence of soil-transmitted helminths, annual treatment with albendazole has been initiated in this study area in early 2010. Ivermectin is also being administered as part of the lymphatic filariasis control program.
Study Area
The study was carried out in Léléblé and five surrounding hamlets ('campements') in May and June 2009. Léléblé is the second largest village that forms part of the recently established Taabo health demographic surveillance system (Taabo HDSS) in southcentral Côte d'Ivoire, located approximately 160 km north of Abidjan. A census done at the end of 2008 revealed that the total population in Léléblé was 5,235 people. The tropical climate follows a seasonal pattern with a rainy season from May to October and a dry season from November to April. Taabo HDSS covers the area around Lake Taabo, a man-made reservoir inundated in the late 1970s [16] . Approximately 38,000 people live within the Taabo HDSS, consisting of a small district town (Taabo-Cité), 14 villages, including Léléblé, and over 100 small hamlets.
Sample Size Calculation and Population Surveyed
In May 2009, a population-representative epidemiological survey was conducted in Taabo HDSS. Approximately 7% of the households were randomly selected; for Léléblé and surrounding hamlets this resulted in a sample size of 351 individuals. Allowing for a drop-out rate of 20-25%, we assumed that complete data records from at least 260 individuals would be available for appraisal of the population prevalence of S. stercoralis in Léléblé and surrounding hamlets with reasonable accuracy [17, 18] .
Field and Laboratory Procedures
Collection containers were distributed and study participants invited to submit a urine sample and a lemon-sized portion of their morning stool the following day. Samples were collected at a public spot between 08:00 and 12:00 hours and then transferred to a laboratory in Taabo-Cité, 28 km east of Léléblé.
Stool samples were examined for the presence of helminth eggs or larvae, using a suite of quality-controlled diagnostic methods: Kato-Katz [19] , Baermann funnel (BM) [20] , and Koga agar plate (KAP) [21] . Standard protocols of these techniques have been described elsewhere [22] . Additionally, for sufficiently large samples, ,2 g of stool was put in 15 ml Falcon tubes filled with 10 ml of 5% formalin and, within 4 months, examined using the formalin-ether concentration technique (FECT), and the Flotac-400 dual technique. The comparison of these two methods for diagnosis of intestinal protozoon infections has been presented elsewhere [23] .
Author Summary
Infections with parasitic worms such as hookworm and threadworm (Strongyloides stercoralis) are widespread throughout the developing world. However, the symptoms caused by parasitic worms are unspecific and little is known about clinical presentations in endemic countries, and hence doctors' awareness of these diseases is usually low. Many infections therefore remain undetected and untreated over long time periods. As a consequence, parasitic worms can impair the well-being of infected individuals and cause harmful, sometimes even fatal health outcomes. To improve the knowledge about clinical signs and symptoms caused by parasitic worms, we administered a questionnaire to 292 children and adults in rural Cô te d'Ivoire, examined them clinically, and looked at their stool for parasitic worm infections. We found that people with parasitic worms reported some symptoms, especially disorders of the gastrointestinal tract, more often than those without worms. Our clinical examination showed a trend toward worse health conditions in worm-infected people, particularly in those with S. stercoralis. Our results are important to improve patient management and control measures, and to better estimate the true health impact of parasitic worm infections.
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From each stool sample, duplicate 41.7 mg Kato-Katz thick smears were prepared with slides read after a clearing time of 30-45 min. The number of helminth eggs was counted and recorded for each species separately. Infection intensity was derived by multiplying egg counts by a factor 24 and expressed as eggs per gram of stool (EPG). The exact number of observed hookworm and S. stercoralis larvae was recorded in the BM and the KAP tests.
Urine samples were analyzed for the presence of S. haematobium eggs. In brief, samples were vigorously shaken and 10 ml was filtered through a 13 ml nylon filter with a syringe. Filters were put on microscope slides, a drop of Lugol added, and S. haematobium eggs counted under a microscope by experienced laboratory technicians. For quality control, a random sample of ,5% of all slides was re-examined by a senior technician.
Questionnaire Survey
We searched the literature for common signs, symptoms, and complaints of hookworm and S. stercoralis infection. These symptoms were included in a questionnaire, which consisted of four parts: (i) demographic and anthropometric measures (e.g., sex, age, occupation, educational attainment, individual's height and weight); (ii) personal hygiene behavior (e.g., source of drinking water, frequency of contact with Lake Taabo, availability of toilets, regular use of soap, and wearing shoes); (iii) nine specific questions pertaining to past and recent medical history (e.g., chronic or infectious diseases such as asthma, diabetes, tuberculosis; hospitalization during the last 2 months; antimalarial and anthelmintic treatment in the last 2 months); and (iv) perceived state of health (recall period: 2 weeks), including questions concerning any disorders in the gastrointestinal tract (i.e., abdominal pain, abdominal distension, diarrhea, constipation, weight loss, abdominal cramping, nausea, vomiting, and blood in stool), the lungs (i.e., dyspnea, cough for more than 2 weeks, fatigue, uncommon expectoration), and the skin (i.e., cutaneous rash, migrating eruptions, pruritus). The questionnaire was pre-tested in a neighboring village. Study participants were interviewed by experienced field enumerators employed by Taabo HDSS.
Clinical Examination
A standardized clinical examination was performed by the first two authors (SLB and BS). The examination comprised an evaluation of a participant's general habitus, conjunctival inspection, palpation of the abdomen and the thorax, cardiac and pulmonary auscultation, presence and grade of hepatomegaly and splenomegaly, and presence of jaundice. Moreover, the skin was carefully examined for any signs compatible with helminth infection (larva currens, larva migrans, rash, and pruritus).
Statistical Analysis
Data were double-entered, cross-checked in Excel version 10.0 (edition 2002, Microsoft Corporation) and analyzed using STATA version 10.0 (StataCorp.; College Station, TX, USA). Stool or urine samples found positive for a specific helminth infection by any of the employed diagnostic techniques were considered as true-positive, leading to the prevalence results of each method. The combined results of the different techniques served as diagnostic 'gold' standard and were used as an estimate of the 'true' prevalence. Prevalence, sensitivity (proportion of truepositives identified as positive), and negative predictive value (NPV) were calculated, including 95% confidence intervals (CI) to quantify statistical uncertainty. Infection intensities were classified according to WHO thresholds [24] on the basis of the mean EPG. Distributional differences were assessed by Pearson's x 2 and
Fisher's exact test, as appropriate. For statistical significance P,0.05 was used throughout. Self-reported morbidity results from the questionnaire and findings from the clinical examination were analyzed for associations with helminth infections by univariate logistic regression and odds ratios (OR) were computed. Multivariate logistic regression modeling was used to estimate significant associations between S. stercoralis or hookworm infection and findings from the questionnaire survey and the clinical examination. Outcomes were defined as species-specific helminth infection. Possible explanatory variables were included in the final model if they (i) were biologically plausible, (ii) were present in at least 5% of the study participants, and (iii) showed an association (P,0.2) with infection status in a univariate logistic regression analysis. Adjusted ORs were calculated in order to reveal associations between a specific helminth infection and morbidity indicators.
Results
Study Cohort
Complete parasitological and clinical data were available from 292 out of 351 randomly selected individuals, owing to a compliance of 83.2%. There were more females (n = 155, 53.1%) than males (n = 137, 46.9%). The median age of our cohort was 13 years (mean, 20.1 years; range, 2 months to 75 years), thus constituting a representative sample of the village (46% of the population aged,15 years, according to the 2008 census).
Helminth Infections and Comparison of Diagnostic Methods
Eight different helminth species were detected (Table 1) . Hookworm was the predominant species; the overall prevalence was 51.0% and infection intensities were mainly light (,2,000 EPG, 95.1%). S. stercoralis larvae were found in fecal samples of 37 individuals (12.7%). S. haematobium and Ascaris lumbricoides showed prevalences of 8.5% and 5.1%, respectively. The remaining helminth species were found in less than 5% of the participants. Table 2 shows the comparison of the BM and KAP methods for the diagnosis of S. stercoralis. While the BM technique identified 26 Table 3 ). The prevalence of both helminth infections increased with age. While only 5.2% of all children aged,5 years were diagnosed with S. stercoralis infection, 17.9% of all adolescents and young adults (aged 15-29 years), and every fifth adult and elderly (.45 years) were found positive for this helminth species. A similar relationship between age and infection prevalence was detected for hookworm; the prevalence rose from 36.8% in early childhood to 51.4% in school-aged children before reaching a plateau around 60% in adults. The infection prevalence in people working as farmers in agriculture or as merchants in trade was disproportionately higher than in individuals with other professions. A multivariate logistic regression analysis revealed a highly significant association between S. stercoralis and hookworm infection (adjusted OR, 6.73; 95% CI, 2.51-18.08, P,0.001). Table 4 summarizes risk factors and health-related behaviors, in relation to an infection with either S. stercoralis or hookworm. Noninfected individuals stated more often to have any grade of school education (46%; P = 0.116), to have access to sanitation (36%; P = 0.108), and a recent history of anthelmintic treatment (9%; P = 0.008) compared to their infected counterparts. Among infected individuals, their stomach was more often considered as a major health problem (S. stercoralis-infected, 35%; hookworm-infected, 23%) than among individuals who had neither a hookworm nor a S. stercoralis infection (15%; P = 0.039). Different gastrointestinal symptoms such as severe abdominal pain, blood in stool, and diarrhea were more often reported among helminth-infected individuals.
Risk Factors and Self-Reported Morbidity
Multivariate logistic regression analysis revealed that some risk factors and symptoms were associated with S. stercoralis, hookworm, or both infections concurrently (Table 5) . Individuals complaining about frequent stomach ache (adjusted OR, 2.35; 95% CI, 0.98-5.62, P = 0.056) were more likely to be infected with S. stercoralis, while self-reported diarrhea (adjusted OR, 1.89; 95% CI, 0.98-3.65, P = 0.057) and ''working as a farmer in agriculture'' (adjusted OR, 2.62; 95% CI, 1.27-5.40, P = 0.009) were risk factors for a hookworm infection. 
Clinical Examination
Hepatomegaly and splenomegaly were frequently observed in the study population with prevalences of 31.8% and 31.2%, respectively. Abnormal findings on pulmonary auscultation (i.e., wheezing, rhonchi, crackles and rales, bronchial breathing over the chest) were noted in one out of five participants (20.5%).
We only found numeric, non-significant differences between S. stercoralis-infected, hookworm-infected, and participants with neither of these infections (Figure 1) . A general poor state of health characterized by inadequate personal hygiene and squalidness was more frequent in S. stercoralis-infected individuals (13.5% vs. 4.7%), as well as the uncommon sign ''wheezing on pulmonary auscultation'' (5.4% vs. 2.7%). However, a combination of such signs was seldom present, thus hampering an exact differentiation of helminth infections by a combination of specific signs. More than half (54.1%) of all S. stercoralis-infected individuals were found to suffer from either pulmonary wheezing, abdominal pain (as determined by the questionnaire survey or found on examination), or a general malaise, while one of these three signs was present in only 26.9% of their hookworm-infected counterparts. Anthropometrics revealed no statistically significant differences between helminth-infected and non-infected individuals (data not shown).
Discussion
The study reported here from a rural part of south-central Côte d'Ivoire confirms that hookworm and S. stercoralis are co-endemic [25] . While every second participant was infected with hookworm, S. stercoralis infections were found in 12.7% of our cohort. Interestingly, S. stercoralis was exclusively found in the main study village (Léléblé), but not in the surrounding hamlets, indicating that this nematode species requires distinct environmental and biologic characteristics to cause human infection. Moreover, we found that both hookworm and S. stercoralis disproportionately affect the poorest population segments, i.e., those with no or limited education, lack of personal hygiene, and the worst selfreported and clinically-examined health conditions. While the prevalence of hookworm increases with age, other helminths mainly affect school-aged children [2] . In the present work, the S. stercoralis age-prevalence curve showed an almost parallel shape to the hookworm age-prevalence curve, reaching an infection rate of approximately 20% in older adults.
The highly significant association between hookworm and S. stercoralis (OR.6), and the series of self-reported morbidity markers associated with these two helminth species are particularly noteworthy. Interestingly, the perceived health impact of strongyloidiasis appeared to be greater than morbidity due to a hookworm infection, especially regarding gastrointestinal symptoms, skin rash, and abnormal wheezing on pulmonary auscultation. These findings are coherent with different disease stages of strongyloidiasis, thus indicating an entitative and reproducibly measurable morbidity in infected subjects who live in endemic areas. This observation opposes the widely expressed opinion that most S. stercoralis-infected individuals residing in tropical endemic areas remain asymptomatic [3] . The assessment of acute, impaired well-being is a relevant consideration for the development of accurate disease burden estimates for strongyloidiasis and hookworm disease, particularly in view of the often contradictory data on the long-term effects due to soil-transmitted helminthiasis, e.g., cognitive performance and physical development of infected school-aged children [26] [27] [28] [29] . Factual data derived from clinical examinations in endemic areas may be more appropriate than questionnaire surveys investigating self-reported morbidity, because many complaints, which are commonly imputed to helminth infections, are also frequently caused by other infective agents and/or nutritional deficiencies. Moreover, medical examinations in zones of rural poverty may allow identification and differentiation of certain helminth infections by a distinct cluster of clinical signs, thus superseding the need for detailed laboratory investigations, which are seldom available in resource-constrained areas. Our study suffers from several limitations that are offered for consideration. First, the prevalence of hookworm and S. stercoralis infections is likely to be underestimated due to (i) the low sensitivity of stool microscopy [10, 22] , and (ii) the examination of only one stool sample per person, as the output of helminth eggs and larvae in fecal material shows considerable day-to-day variation [22, 30] . However, we used a suite of diagnostic techniques to enhance sensitivity, e.g., KAP test and BM technique for the diagnosis of S. stercoralis. The BM funnel, which is considered the method of choice for S. stercoralis diagnosis when analyzing stool samples [31] , was indeed more sensitive than the KAP test, confirming recent studies carried out in the People's Republic of China [32] , Zanzibar [22, 33] , and Uganda [34] . However, accurate diagnosis remains a critical issue, even when techniques other than stool microscopy are employed [35] . The usefulness of serology in endemic areas has been discussed controversially [36] , and a recently developed polymerase chain reaction (PCR) assay [37] , which may become a new diagnostic 'gold' standard, needs to be validated in different epidemiological settings prior to larger scale use. Molecular techniques still have a long way to go until they might become viable alternatives for diagnosis of NTDs that are intimately connected to poverty. Second, a larger sample size may have revealed a more distinct clinical recognition pattern of the helminth infections investigated here, particularly for S. stercoralis, which we expected to be even more prevalent in the study region, based on preliminary results obtained from five villages in the Taabo HDSS study area [25] .
In conclusion, S. stercoralis and hookworm infections represent important health threats in tropical regions and both parasites cause morbid sequelae. While especially strongyloidiasis is increasingly recognized as an important cause of morbidity and persistent mortality in some parts of the world [4] , its diagnosis remains a challenge and clinical features in resource-constrained settings are still neglected [35, 38] . Our study revealed the difficulty to properly assess helminth infections and proposes clinical indepth studies to factually substantiate the estimated helminth disease burden in order to obtain a more accurate picture of their relevance in Africa. In view of changing health care patterns in tropical countries, including broader access to steroid treatment, an increasing number of the potentially fatal hyperinfection syndrome has to be expected in Africa and elsewhere. Hence, there is a need to raise physicians' awareness of strongyloidiasis to finally improve the patient management and outcome of this important, but widely underrecognized infection.
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